It has been much disputed whether seasonal variations in proteins or in sugars are better related to cold hardiness changes in certain over-wintering plants (for example, 1, 2, 3, 8, 12, 14) . But proteins have been difficult to study, since they are not easily extracted from such plants as our native winter-hardy trees. This is because such proteins are often precipitated by vacuolar substances during tissue homogenation. The inner bark of black locust (Robinia pseudoacacia L.) is one of the few tree species which yields substantial amounts of water-soluble protein (6, 10, 14) . As a result, much work on the concept of protein relationships to hardiness is based on work with this species. It, therefore, seemed of interest to find another plant that would yield sufficient watersoluble protein and would also be easy to study for cold hardiness. A survey of a number of evergreen woody plants showed that English ivy (Hedera helix L.) yielded large amounts of water-soluble protein.
Protein determinations (13) as well as sugar analyses (5) have been previously made on this species, but no concomitant studies of these changes with cold hardiness in English ivy have been made.
Closely related to sugar changes is the question of whether the reddening or purpling of evergreen leaves in autumn is any measure of their cold hardiness. Since this is a visual observation easily made in the field it is of much interest to foresters and horticulturalists. There appears to be some connection between cold resistance and the red coloration in some species (16, 18) were placed in each of four Dewar flasks at 9:15 AM on a day of testing. Flasks were then cooled, each flask to a particular temperature at a rate of 5 to 8 C per hour and then warmed at a rate of 8 to 10 C per hour. At these rates of change, supercooling did not appear to be a significant problem. The cooling system has been described elsewhere (11) . When air temperatures in the field were below + 5 C, flasks were left outdoors for at least 40 minutes to adjust to air temperatures before leaves were put in flasks.
After leaves were removed from flasks they were kept for 3 days in a moist chamber over distilled water. Judging viability by hue of green was sometimes difficult. The tetrazolium test (7, 9) were always used. In the second year of study only old leaves were used. A 10 g sample was placed in a Waring blendor with 100 ml of tap water at pH 7.0 and 3 C, and ground for 1 minute. Since tap water quality may vary seasonally, enough was stored in one jar for year-round use. The leaf homogenate was filtered under suction through No. 4 paper and washed with an additional 50 ml of cold tap water. The liquid filtrate was collected in an ice bath and centrifuged at 2,800 rpm (R.C.F. 1,480) in two 15 ml centrifuge tubes. The supernatant from the total 30 ml was poured into 100 ml of 95 % ethanol. This is somewhat similar to Henze's procedure (3). After standing with occasional swirling for 5 minutes, 15.0 ml samples of the resulting coagulant were centrifuged as above for 3 minutes. The volume of coagulant thrown down (called centrifugate below) was measured volumetrically in the tube. Results of Siminovitch and Briggs (14) with water-soluble protein from black locust bark were at least roughly verified over a 2 year period using this method. It is, therefore, felt that the method is comparable to theirs.
Water-soluble protein levels were estimated from centrifugate volume on the basis of fresh weight. 809
Since the amount of water in the leaf, based on either fresh or dry weight, varied very little with the season, fresh weight seemed adequate. Units given in figures 1 and 2 can be converted to protein by the factor given in the caption. Trichloroacetic acid (TCA) was also used for comparison to ethanol. A volume of 10 ml of 40 % TCA was mixed with 15 ml of filtered homogenate and the whole divided and centrifuged in two tubes.
The percentage of protein in the centrifugate was estimated by means of a micro-Kjeldahl method (4 1 & 2) . In the late summer of 1961 there was some increase in sugar, but when hardiness increased substantially in late November, there was a pronounced increase in total sugar (fig 2) . B. Identification of Sugars. In winter, six different compounds were separated on paper which gave reactions with most of the five sprays mentioned in the methods (table I) . The compound at the sucrose position was hydrolyzed with 1 % invertase which had been sprayed on the paper, and was converted to compounds having the correct position and color for glucose and fructose while raffinose was converted to fructose and a sugar apparently having the correct color and position for melibiose. The 
